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REMARKS 

Entry of the amendments to the specification, claims and abstract before 
examination of the application is respectfully requested. These claims 
patentably define over the art of record. 

If there are any questions regarding this Preliminary Amendment or the 
application in general, a telephone call to the undersigned would be appreciated 
since this should expedite the prosecution of the application for all concerned. 

If necessary to effect a timely response, this paper should be considered as 
a petition for an Extension of Time sufficient to effect a timely response, and 
please charge any deficiency in fees or credit any overpayments to Deposit 
Account No. 05-1323 (Docket No.: 095309.55413US). 
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METHOD FOR FINE MACHINING CYLINDRIC^^^jQS ^ ^ 

SURFACES 

BACKGROUND AND SUMMARY OF THE INVENTION 
[0001] The invention relates to a method for fine machining a cylindrical 
inner surfac e nr , nlnimod in claim iin particular, a cy l inder running 
surface, which has materials of different hardnesses in the axial 
direction . 

[0002] The fine machining of cylindrical surfaces, in particular the fine 
machining of cylindrical running surfaces of cylinder crankcases, is 
generally realized by honing. There are many publications relating to 
this, such as for example DE 44 32 514 Al, in which a method by which 
a highly accurate final dimension of a honed surface can be achieved is 
described. 

[0003] DE 196 05 588 C2 describes a method in which a cylinder 
running surface is treated at a top and bottom dead center of the piston 
in such a way that it withstands conditions of greater wear in these 
areas. 

[0004] The known prior art is restricted however to the fine machining 
of a surface which has the same surface material throughout. However, 
it may be the case that the cylinder running surface is represented by 
different materials. This takes the form of a softer area, which is 
formed by the cast material of the cylinder crankcase, and a harder 
area, which is represented by a cylinder liner. 
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[0005] In cases of this kind, fine machining, in particular honing, is 
particularly difficult, since the machining means used, for example the 
honing stone, becomes smeared by the softer material and loses its 
abrasive effect. 

[0006] The object of the invention is to fine machine cylindrical inner 
surfaces which have different materials in such a way that the useful 
lives of the machining means are significantly improved. 

[0007] A method ao claimed in claim 1 provides the solution for 
achieving the object of the invention , which method comprises the 
following steps: pre-turning of the cylindrical inner surfa ce, with at 
least one softer area of the cylindrical inner surface being p re-turned to 
a great diameter than at least one harder area, and honing of at least 
the harder area down to the diameter level of the softer area . 

[0008] The method according to the invention ao claimed in claim 1 is 
distinguished in that a cylindrical inner surface which has at least one 
softer area and at least one harder area in the axial direction is firstly 
pre-turned. The pre-turning may in this case possibly comprise a 
number of working steps with a number of turning tools and turning 
parameters such as the feed rate or rotational speeds. It may also 
include what is known as fine turning. 

[0009] The at least one softer area is in this case pre-turned to a greater 
diameter. This is followed by the fine machining by honing. The 
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honing takes place in the harder area. The honing is stopped by a 
suitable control at the diameter to which the softer area has been pre- 
turned. This spares the honing stone. Increased smearing of the 
honing stone does not occur. 

[0010] Under certain quality requirements, it is necessary to hone the 
entire surface, the softer area and the harder area, together to the final 
dimension. In this case, the entire surface is honed to the finished 
state, with preferably less than 10 (am, particularly preferably less than 
2 jam, being removed from the diameter in the softer area. The removal 
caused by the honing is usually 30 jim. By reducing the removal in the 
soft area of the surface, the smearing of the honing stone can be kept to 
a minimal level. 

[0011] For further reducing the smearing of the honing stone, it is 
possible to use different honing stones for the softer area and the 
harder area. This may be realized for example by a double-expandable 
honing tool. 

[0012] A further advantage obtained by the method according to the 
invention is that of turning grooves in the softer area, which are 
introduced by the pre -turning and remain at least partly after the 
finish-honing. Such turning grooves can be used during the operation 
of an internal combustion engine as lubricant pockets (reservoirs for 
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lubricants) or for accumulating or filtering out contaminants or 
abrasives. 

[0013] Since it is technically scarcely possible in the deeper pre-turning 
of the soft area to come exactly to the transition between the soft area 
and the hard area, it is expedient to pre-turn a small transitional area 
of the hard area deeper. This measure prevents any appreciable 
material removal from inadvertently taking place in the softer area by 
honing. 

[0014] In many cases, a chemical after-treatment, for example by 
etching with sodium hydroxide solution, is required after the honing. 
This preferably takes place only in the hard area, so that the chemical 
treating agent is spared and lasts longer. 

[0015] The method according to the invention is used in an expedient 
way for the fine machining of cylinder running surfaces. In this case, 
the harder area is formed by a cylinder liner, which usually consists of 
an aluminum alloy with a high silicon content, a cast iron alloy or a 
ceramic-reinforced or silicon-reinforced aluminum alloy. The softer 
area is in this case formed by the cast material of the cylinder 
crankcase, for example by an aluminum alloy AlSi9Cu3. 

[0016] Preferred embodiments of the invention are explained in more 
detail below. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0017] In the drawing: 

[0018] Figure 1 shows a detail of a cylindrical inner surface with a 
harder area and a softer area before machining with a turning tool, 

[0019] Figure 2 shows the detail from Figure 1 after pre-turning, during 
honing, and 

[0020] Figure 3 shows an enlarged detail from Figure 1 during finish- 
honing. 

DETAILED DESCRIPTION OF THE DRAWINGS 

[0021] The method according to the invention is schematically 
illustrated with reference to Figures 1 to 3. In Figure 1, a detail of a 
cylindrical inner surface to be machined is represented. This is the 
cylinder running surface 2 of a cylinder crankcase. The cylinder 
running surface 2 comprises a harder area 4, which is formed by a 
cylinder liner 10, and a softer area 6, which is formed by a cast material 
12 of the cylinder crankcase. 

[0022] The cylinder liner 10 consists of a hypereutectic aluminum- 
silicon alloy with a silicon content of about 25%. The high silicon 
content in the cylinder liner is responsible for the greater hardness. 
This is attributable to silicon crystallites, which macroscopically lead to 
higher hardness values (Brinell hardness) than conventional aluminum 

alloys. The crankcase itself is represented by the alloy AlSi9Cu3. 
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[0023] For machining the cylinder running surface 2, in a first working 
step according to Figure 1 the cylinder running surface 2 is pre-turned 
with a turning tool 14. In this case, the softer area 6 is pre-turned 
approximately to the desired final dimension 8. However, there is a 
positive tolerance, for which reason the pre-turning must not go beyond 
the final dimension 8. In practice, the pre-turning is stopped 
approximately 2 |im before the final dimension 8. This means that 
turning grooves 18 which are produced by the pre-turning and have a 
peak-to-valley height of approximately 20 \im to 50 jam partly extend 
beyond the final dimension 8. The machining allowance in the harder 
area 4 is approximately 30 fim. 

[0024] There is, as described in Figure 2, a transitional area 16, in 
which the harder area 4 is pre-turned to almost the final dimension 8 in 
the same way as the softer area 6. The transitional area 16 is about 1 
mm in the axial direction. 

[0025] In the next working step, the area 4 is honed to approximately 

the final dimension (Figure 3) with a honing tool 15, which contains 

honing stones that are not represented here any more specifically. 

Subsequently, the entire cylinder running surface 2 is machined with 

the honing tool 15 to the final dimension 8 (finish-honing). In this step, 

the honing tool 15 also moves over the softer area 6. However, this does 

not damage the honing stones, since the removal of material is 

negligible. The removal of material during the finish-honing is 
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approximately between 2 |am and 10 jam. Since substantially only 
upper edges of the turning grooves 18 are removed in the soft area 6, 
this means an additional reduction in the removal of material in the 
area 6. 

[0026] The turning grooves may act in an advantageous way as 
channels for carrying away the material particles removed during the 
finish-honing. During the pre-turning, it must be ensured here that the 
turning grooves are given a suitable depth, in order to transport away 
the material particles produced - depending on the material of the 
honing stone. The transporting away in each case takes place with the 
assistance of honing oil, which is discharged from the honing tool 
between the honing stones. In this way, the turning grooves contribute 
to preventing premature smearing of the honing stones. 

[0027] The smearing of the honing stones, and the quality of the honed 
surface, is greatly dependent on the combination of the material of the 
surface and the material of the honing stone. The useful life of the 
honing stones can be further extended if different honing stones, made 
to match the respective surface, are used. This can be realized for 
example by what is known as a double-expandable honing tool. With 
such a honing tool it is possible for specific honing stones to be radially 
advanced at desired locations. The remaining honing stones 
consequently no longer come into contact with the surface to be 
machined. 
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[0028] For the softer area 6, it may be advantageous to use diamond- 
based honing stones. On the other hand, silicon-carbide-based honing 
stones are used with preference for the harder area 4. Further features 
of the honing stones are their porosity (for absorbing particles), the 
grain size and the grain density. 

[0029] After the fine machining, the surface is treated in the area 4 with 
sodium hydroxide solution. As a result, aluminum on the surface is 
dissolved out, with hard silicon crystallites remaining. Depressions 
produced in this way serve during operation as lubricant pockets. Since 
the softer area 6 is not treated with sodium hydroxide solution, the 
sodium hydroxide solution lasts longer in mass production. 

[0030] The area 6 does have a rougher surface than the area 4 after the 
fine machining. However, the area 6 is preferably underneath a bottom 
dead centre of a piston ring and is therefore not subject to the same 
requirements as the area 4 with respect to the condition of the surface. 
The remains of the turning grooves likewise serve as lubricant pockets, 
additionally filtering out dirt particles which reach the cylinder running 
surface from an oil chamber. 

[0031] In principle, the method according to the invention can be used 
for all components which have local material strengthening and require 
particularly high-quality surfaces. This applies specifically to areas 
that are subjected to high loading, in particular in the field of internal 
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combustion engines. Examples of this which may be mentioned are 
frictional surfaces such as cylinder running surfaces, bearings for 
crankshafts, camshafts or in the transmission case. 
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